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Abstract

Mobile health (mHealth) apps have the potential to enhance pain management through the use of
daily diaries, medication and appointment reminders, education, and facilitating communication
between patients and providers. Although many pain management apps exist, the extent to which
these apps use evidence-based behavior change techniques (BCTs) remains largely unknown,
making it nearly impossible for providers to recommend apps with evidence-based strategies. This
study systematically evaluated commercially available pain management apps for evidence-based
BCTs and app quality. Pain management apps were identified using the search terms “pain” and
“pain management” in the App and Google Play stores. Reviewed apps were specific to pain
management, in English, for patients, and free. A total of 28 apps were coded using the taxonomy
of BCTs. App quality was assessed using the Mobile App Rating Scale. Apps included 2 to 15
BCTs (M =7.36) and 1 to 8 (M = 4.21) pain management—specific BCTs. Prompt intention
formation, instruction, behavioral-health link, consequences, feedback, and self-monitoring were
the most common BCTs used in the reviewed apps. App quality from the Mobile App Rating
Scale ranged from 2.27 to 4.54 (M = 3.65) out of a possible 5, with higher scores indicating
better quality. PainScale followed by Migraine Buddy demonstrated the highest number of overall
and pain management BCTSs as well as good quality scores. Although existing apps should be
assessed through randomized controlled trials and future apps should include capabilities for
electronic medical record integration, current pain management apps often use evidence-based
pain management BCTs.
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Introduction

As outlined by the Pain Management Best Practices Inter-Agency Task Force,!® treatment
of chronic pain should adhere to a biopsychosocial multimodal approach. Effective
management of pain typically includes psychoeducation, symptom monitoring, identification
of triggers and relief, and adherence to pharmacological and nonpharmacological treatment
recommendations (eg, restorative, behavioral, and complimentary and integrative health
therapies).#18:25 However, obtaining optimal pain management support and skills training
during face-to-face medical appointments may not be feasible because of time, cost,
insurance coverage, and demand constraints.820:24 Technology-based interventions for pain
management are an effective way to provide self-management skills in light of these
constraints.”9:10.28.30 Fyrthermore, patients and providers are increasingly using mobile
health (mHealth) apps to provide both education and self-management skills. Although
thousands of mHealth apps related to pain management are available, there is no published
guidance for healthcare providers on how to identify and recommend commercially
available, user-friendly, evidence-based pain management apps.>-14

Several reviews before 2017 concluded that pain management apps were overly simplistic,
lacked provider insight in the development, and had not been rigorously tested,14:15.22

The mHealth landscape has significantly changed since these reviews and, although apps
continue to need rigorous efficacy testing, systematic guidance regarding the selection

of mHealth apps that include evidence-based strategies is a critical need. Systematically
reviewing apps using the taxonomy of behavior change techniques (BCTs) provides a
structure to reliably identify operationalized, theory-derived BCTs used in interventions such
as self-monitoring, specific goal setting, stress management, and instruction (see Ref. 1 for
full list). The BCT taxonomy has been used to assess and develop face-to-face behavioral
health interventions for a variety of pain populations!1:17 and has successfully been adapted
to specifically assess BCTs in mHealth interventions.1221 Thus, as patients and providers
are increasingly turning to health technology to support pain management, there is a critical
need to understand the extent to which evidence-based behavior change strategies have been
translated to available pain management apps.

The current study sought to address this gap in the extant literature by evaluating the
presence of evidence-based BCTs in commercially available pain management apps and
their quality. Specifically, the aims of this study are to (1) systematically evaluate the content
of free, publicly available pain management apps using Abraham and Michie’s theory-
driven taxonomy of BCTs! to assess the presence of overall BCTs and pain management—
specific BCTs; (2) evaluate the quality of pain management apps using a validated rating
system (Mobile Application Rating Scale [MARSZ6]); and (3) provide recommendations for
providers and patients based on the presence of evidence-based BCTs and usability.
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2. Method

2.1. Identification of pain management behavior change techniques and coding manual

training

A narrative review of the chronic pain management literature was conducted in October
2019 to identify pain management BCTs. Our search examined PubMed, Cochrane Library,
and Google Scholar databases. Reviewed titles and abstract were limited to those focusing
on chronic pain in humans that were published in English. The search was not limited

by age, specific chronic pain populations, or time. Additional inclusion criteria were (1)
including individuals with chronic pain and (2) examining or reviewing behavior change
strategies for pain management. Meta-analyses, systematic reviews, and intervention papers
including patients of all ages were among the articles reviewed. Unpublished data, abstracts,
and dissertations were excluded from analyses. Search terms included pain management
OR pain self-management AND behavior change techniques OR behavior change strategies;
self-management guidelines AND chronic pain; self-management OR pain management
AND chronic pain AND behavior change techniques OR BCTs.

The first author reviewed the abstract and full text of each article for relevant results.
References for these studies were also reviewed to find additional articles. A written
synopsis of key findings and future directions was discussed with a team of experts in
pain management BCTSs.

Findings from the narrative review and consultation with experts in pain management BCTs
revealed 8 BCTs that have consistently demonstrated efficacy in improving pain outcomes
and therefore have been recommended for inclusion in pain management interventions and
are herein referred to as “pain management BCTs.” Pain management BCTSs include (1)
behavior-health link, which provides psychoeducation regarding the relationship between
a specific behavior and the user’s health; (2) consequences, or psychoeducation, which
informs the user of the consequences likely to occur if the targeted health behavior change
is made or not; (3) instruction, which provides the user information on how to perform the
target behavior; (4) prompt intention formation, which involves encouraging the user to
set a general goal related to a health behavior change; (5) prompt specific goal setting,
which involves detailed planning of a goal (eg, when, where, what, and how long) and
subsequently aims to increase practice, mastery, and self-efficacy in a self-management
technique; (6) self-monitoring or use of written tracking behavior completion to promote
accountability and identification of successes and barriers; (7) social support/change,
which encourages the user to think about how others could change their behavior to
promote behavior change or provide such support during the intervention; and (8) stress
management, which incorporates relaxation training to relieve anxiety and tension, so the
proposed goal can be achieved.”:9:14.25.27

Six raters received approximately 10 hours of training on BCTs for mHealth coding
manual (see Ref. 21 for the development of manual). Training sessions were led by
authors with extensive experience coding BCTs (K.L.G. and R.R.R.). Raters included
PhD-level behavioral scientists with an understanding of psychological interventions and
BCTs. Training consisted of distinguishing between techniques and reviewing examples
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of BCTs in mHealth apps. Raters downloaded and interacted with 4 common apps for a
minimum of 10 minutes each to independently code the presence of BCTs as described in
the coding manual. Raters then met with the senior authors to discuss discrepancies and
reach consensus. Following this, raters then individually coded 5 pain management apps
using the same procedure. All procedures were in accordance with the Declaration of the
World Medical Association.

2.2. ldentification of mHealth apps for pain management

A series of 4 systematic searches were conducted to identify mHealth apps for pain
management. The terms “pain” and “pain management” were searched in the Apple iOS
App Store and the Google Play store. In an effort to simulate a consumer app search and
because an exhaustive search of all apps is not possible, a list of the first 25 apps for each of
these 4 searches was recorded. This protocol is consistent with recent research that only 14%
of users download an app that is not in the top 10. This approach also takes into account

the complex algorithm used by the App/Google Play store, which considers the description,
download frequency, structure, and retention rate of each app.3:6:21 Duplicates were removed
and apps were included for coding if they specified being pain related in the description,
were free of cost, patient-facing (for patient use), and in English. Specifically, apps with an
affiliated cost were not included on the basis that even minimal download fees for apps are a
deterrent to patients.2?

2.3. Using behavior change techniques and the Mobile App Rating Scale to code pain
management apps

The apps were independently coded for the presence or absence of the 26 BCTs. In

addition, each rater coded apps using the MARS, 26 a 23-item measure that assesses the
quality of mHealth apps across 5 domains: Engagement (entertainment quality, interest
level, customization options, and interactivity), Functionality (technical performance, ease
of use, navigation, and gestural design), Aesthetics (layout, graphics, and visual appeal),
Information (accuracy of app description, goals, quality of information, quantity of
information, visual information, credibility, and evidence base), and Subjective Quality
(recommendation of the app to target audience, estimated frequency of use, app worth, and
coder’s overall star rating).ltems in each of these domains contain between 3 and 7 questions
that are rated on a 5-point scale from 1 (inadequate) to 5 (excellent). Item responses in each
domain were averaged to obtain Engagement, Functionality, Aesthetics, Information, and
App Subjective Quality subscale scores. An overall quality score was produced by averaging
the 5 mean subscale scores.

2.4. Evaluation of interrater reliability

To assess interrater reliability, at least 20% of the apps were randomly selected to be double
coded using the BCT manual (n = 8) and the MARS (n = 6). Percent agreement was
calculated to assess interrater reliability between coders on the 26 BCTs, and a third coder
was assigned to reach consensus on BCT coding. Intraclass correlation coefficients (ICCs)
were computed to assess agreement between raters on the MARS scores, and retraining was
provided as necessary to improve agreement.
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3. Results

Initial searches using the terms “pain” and “pain management” revealed 100 apps. Of these,
63 apps were initially removed for the following reasons: 24 apps were duplicates, 16 were
not pain related, 14 apps were for medical providers rather than individuals with chronic
pain, 8 apps had an associated cost, and 1 app could not be used without an additional pain
management device. Of the 37 apps downloaded to be coded, 9 apps were removed for the
following reasons: 5 could not be opened after multiple attempts, 2 apps were specifically
for patient scheduling, and 2 were not free. Thus, 28 apps were downloaded and successfully
coded, with 9 (32%) of these apps being available across platforms (Fig. 1).

Each of the apps used between 2 and 15 BCTs (Mgt = 7.36) and 1 and 8 pain
management BCTs (ie, behavior-health link, consequences, instruction, prompt intention
formation, prompt specific goal setting, self-monitoring, social support/change, and stress
management; MpaingeT = 4.21). Half of the apps (n = 11) used at least 5 pain management
BCTs, whereas 17.86% (n = 5) used at least 4. Overall, the most commonly used BCTs
were prompt intention formation, instruction, behavior-health link, consequences, and
feedback, followed by self-monitoring, others’ approval, teach use prompt cues, and stress
management; 6 of which are consistent with the extant literature of recommended pain
management BCTs.11:14.24.25.27

“Prompt intention formation” found in 75% of the apps (n = 21) often encouraged the user
to set a general pain management goal to elicit frequent practice of a new habit such as
committing to tracking pain symptoms daily. “Instruction” also found in 75% of the apps (n
= 21) provided text, graphics, or videos to teach the user how to perform a pain management
behavior such as a specific stretching exercise. “Behavior-health link” was used in 71%

of the apps (n = 20) and provided information about the relationship between a behavior
and health (eg, psychoeducation on the relationship between regular exercise and reduced
inflammation). Similarly, 68% of apps (n = 19) provided information on “consequences”

or the pros/cons of engaging in a pain management behavior (eg, quality sleep can reduce
pain while limited sleep may exacerbate it). “Self-monitoring” or digital tracking of a pain
management behavior was available in 50% of apps (n = 14). “Stress management” was
used in 39% of apps (n = 11) and included engaging in techniques that reduce tension

and anxiety. Finally, “prompt specific goal setting” such that detailed planning of a pain
management behavior is prompted was only used in 10 apps (36%) and “social support/
change” was only used in 2 apps (7%).

The other commonly used BCTs that our literature review did not identify as being
specifically recommended BCTs for pain management included feedback, others’ approval,
teach use prompts/cues, and stress management. “Feedback” was used in 68% of apps (n =
19) and provided visual data on how well a user has performed in relation to a goal such

as “You logged your symptoms on 4 of 7 days this week.” “Others’ approval” was used in
46% of apps (n = 13) and often involved either providing information on what others (eg,
physician and caregiver) might think of the user’s pain management behaviors or the ability
to share this information completion of pain management behavior tracking. Finally, “teach
use prompts/cues” found in 39% of apps (n = 11) aided the user in identifying prompts
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to serve as reminders to perform a pain management behavior, such as setting alarms/push
notifications to take medication or stretch. Refer to Table 1 for additional in-app examples of
these BCTs.

When examining specific apps, 4 apps consistently had the most overall BCTs (ie, PainScale
[n = 15], Mindfulness Daily [n = 15], Migraine Buddy [n = 13], and Ouchie [n = 12]) and
the most pain management BCTs (ie, PainScale [n = 8], Mindfulness Daily [n = 7], Ouchie
[n = 7], and Migraine Buddy [n = 6]). PainScale, Mindfulness Daily, Migraine Buddy,

and Ouchie all included the pain management BCTs of behavior-health link, consequences,
prompt intention formation, instruction, and self-monitoring. PainScale, Mindfulness Daily,
and Ouchie also used prompt specific goal setting, whereas PainScale and Migraine Buddy
included social support/change. Of the remaining 24 apps reviewed, 9 used 7 to 10 BCTs
and 13 apps used fewer than 7 BCTs overall. Table 2 provides a list of BCTs included in
each of the 28 apps.

The overall quality of apps ranged from 2.27 to 4.54 (MpaRsoverall = 3-57) out of a possible
5.0. Five apps had an overall quality score higher than 4 (ie, PainScale, Migraine Buddy,
Pain Management/Relief, Manage My Pain, and Back Pain Exercises). Seventeen apps had
a MARS overall quality score between 3.5 and 4.0. MARS subscale scores for each app can
be found in Table 3.

Percent agreement was 91% or higher for 20 of the BCT classifications. Percent agreement
was 87% for instruction, prompt specific goal setting, provide contingent rewards, and
prompt practice, 84% for model/demonstrate, and 80% for others’ approval. Intraclass
correlation coefficients for the MARS were all in the excellent rangel3: MARS A:
Engagement = 0.99, MARS B: Functionality = 0.96, MARS C: Aesthetics = 0.93, MARS D:
Information = 0.95, and MARS Overall App Quality = 0.94.

4. Discussion

The current study fills a gap in the extant literature, as the first systematic evaluation of
commercially available pain management apps examining BCTs and app quality so that
healthcare providers may make informed recommendations to patients with chronic pain.
Twenty-eight commercially available pain management apps were evaluated, and each app
included between 2 and 15 BCTs and between 1 and 8 pain management-specific BCTs.
The MARS overall app quality ranged from fair to excellent. Overall, findings suggest
promise with regard to both the content and quality of currently available pain management

apps.

Specifically, results were consistent with the pain management BCTs’ recommendations in
the extant literature,”9:14.25.27 gych that 5 of the 8 (behavior-health link, consequences,
prompt intention formation, instruction, and self-monitoring) were also the most
commonly used BCTSs. This suggests that, overall, pain management app developers have
integrated evidence-based self-management strategies from existing digital and face-to-face
interventions into their apps. There are several advantages to translating recommended

pain management BCTs into mHealth platforms, including the compact portable platform
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and accessibility to pain management techniques and educational resources outside of a
healthcare setting. For example, incorporating information on the link between specific
behaviors and health, associated consequences, and goal setting into mHealth apps allows
patients to have access to these educational materials and their health goals on their
smartphone at all times. Other benefits include the ability to track and log symptoms
passively and in real time (eg, ecological momentary assessment6) or “in-the-moment”
instructions about how to perform an intervention behavior.

Interestingly, 2 of the BCTs that our literature review identified as evidence-based pain
management BCTs, prompt specific goal setting and social support/change, were rarely

used in pain management apps. Chronic pain is often both a physically and mentally
debilitating experience that can feel overwhelming for patients to navigate alone. Although it
is crucial to help patients make informed decisions to improve their health (prompt intention
formation), recognize and understand relationships between pain management behaviors
and their health outcomes (behavior-health link and consequences), and properly perform
and track pain management behaviors (instruction and self-monitoring), these strategies are
more likely to evoke meaningful change when done in combination with setting detailed,
concrete goals (specific goal setting) and establishing relationships and accountability with
others (social support/change).1424.27 One way to incorporate specific goal setting into apps
would be to prompt users to set a specific goal following the identification of general goals
related to pain management. For example, users could be prompted to specify the frequency,
intensity, duration, location, time, and method of the goal behavior.l Requesting this detailed
level of information regarding the health behavior goal will set the user up for success

by aiding them in thinking through the logistics, definition of success, and timeliness of

the goal. In addition, nearly all the pain management apps evaluated may improve their
impact with the incorporation of social support/changel4 by providing psychoeducation on
the importance of social support in the context of pain management or by including a digital
“buddy system” or interactive messenger system within the app community.

Other BCTs that were frequently used in the evaluated pain management apps included
providing feedback on performance, information about others’ approval, and teaching users
to use prompts/cues. Although these BCTs were not identified as having the highest level
of evidence based on the extant pain management literature, there is existing evidence for
the use of these BCTs to improve pain management.12 In addition, these BCTs are some

of the most frequently used strategies in mHealth apps,?! and a significant advantage of
app utilization is the ability to customize user experience with respect to feedback, the
incorporation of reminders, and the ability to quickly share data with others. These same
features are also used within the app world and can further assist the user in identifying
adaptive and maladaptive patterns (eg, symptom triggers and relievers) and make use of
their self-monitoring data (eg, progress towards goals). Additional research regarding the
evidence base of these BCTs would aid in our understanding of their incorporation in mobile

apps.

Pain management healthcare providers acknowledge the need for apps to aid in pain
management,18 and the “prescribability” of apps has become a significant topic of
discussion.? Although evidence of efficacy through low risk-of-bias randomized controlled
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trials (RCTSs) is necessary to definitively establish the efficacy of pain management apps and
allow for true “prescribability” of apps, reviewing the evidence-based BCTs included within
mHealth apps can aid clinicians and patients in making mHealth recommendations while
large-scale RCTs are being conducted .Based on this evaluation of BCTs and app quality,
PainScale and Migraine Buddy contained the most pain management BCTs and the highest
usability ratings, suggesting these apps provide behavioral techniques that have been shown
to improve pain management in previous research and are likely to be engaging for users.

PainScale, which included all 8 pain management BCTS, is a general pain management app
appropriate for users with various chronic pain symptoms and conditions. The app includes
a comprehensive daily diary, which can synthesize and send to a provider data related to
symptoms and pain correlates such as triggers, relievers, and medications. Migraine Buddy
used 6 of the pain-specific BCTs, had a high overall app quality, and may be particularly
useful for patients with migraine, given its ability to share information with providers,
track triggers, and reliefs as well as calculate a Migraine Disability Assessment score.23
Finally, Back Pain Exercises also had both a high number of pain management BCTs and

a high-quality score and may be beneficial for patients with chronic back pain, as the

app provides instructions for stretches/exercises targeted at decreasing pain and increasing
functioning.

Despite the rigorous systematic search and evaluation protocol used, there are several
limitations to this study that should be considered. First, this systematic evaluation is not
an exhaustive review of all pain management apps. Limitations to the breath of this review
include the exclusion of apps that have an affiliated cost, only broad searches for “pain”
and “pain management” in the United States were conducted (eg, specifiers of specific pain
populations or conditions were not included in search terms), and only the initial 25 apps
were evaluated. Although app store results are based on a complex algorithm taking into
account app popularity, reviews, and keywords, the list of apps generated from each search
in this evaluation does not ensure that the highest quality apps or the apps with the most
BCTs were presented. For example, apps such as WebMAP Mobile,® MobileNetrix, and
Pain Squad are available pain management apps that meet criteria for this review, but they
were not included because they are not listed within the first 25 apps on the App/Google
Play store. Despite this limitation, our methodology for identifying apps was selected
based on use in previous published evaluations and the real-life applicability for providers
and patients.329 Similarly, this review only includes mHealth apps and therefore did not
review existing online pain management programs (eg, Pain Trainer and Pain Course).
Second, because raters did not use apps for an extended period of time, it is possible

that some BCTs may not have been evident during the evaluation time period. However,
this minimum is in accordance with current guidelines and provides important information
for making app recommendations.?® Third, although several apps included the ability to
send provider-synthesized reports, none of the apps provided information on integrating
data into electronic medical records or HIPAA compliance statements. Finally, none of the
pain management apps reviewed in this study were identified as being tested in an RCT;
therefore, although our app evaluation is based on evidence-based BCTs in the extant pain
literature, studies evaluating the adherence and effectiveness of mHealth pain management
apps in a sample of individuals with chronic pain is a crucial next step.

Pain. Author manuscript; available in PMC 2022 May 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gamwell et al. Page 9

4.1. Future directions

This evaluation of commercially available pain management apps examined the quality

and BCTs incorporated in the apps and can be used as an initial guide for making pain
management app recommendations based on patient and provider preferences. Optimal

pain management apps include behavior-health link, consequences, instructions, prompt
intention formation, self-monitoring, stress management, prompting of specific goal setting,
and social support/change. Currently available apps using these BCTs with high-quality
ratings include PainScale, Migraine Buddy, and Back Pain Exercises. It is recommended that
providers familiarize themselves with the app ensuring that they are aware of any potential
bias of the developer or funder, platform availability for their patient base, and possibility for
viewing of synthesized data. Continued reassessment of current pain management mHealth
apps, RCTs of pain management apps, integration of apps with the electronic medical
record, and improved dissemination of evidence-based mHealth pain management apps
across platforms and through provider networks (eg, International Association for the Study
of Pain and American Academy of Pain Medicine) are needed to ensure that patients have
access to and providers are recommending the best possible pain management apps.
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